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NATIONAL AF3RONAUTICS AND SPACE ADMINISTRATION 

THE STATIC AND DYNAMIC STABILITY DERIVATIVES OF 

A BLUNT HAL??-CONE ENTRY CONEIGURATION 

AT MACH NUMBERS FROM 0.70 TO 3.50" 

By Phi l l ips  J. Tunnell 

SUMMARY 

The s t a t i c  and dynamic s t a b i l i t y  derivatives of a blunt half-cone 
shape have been determined from wind-tunnel t e s t s  and are  presented herein. 
The t e s t s  were conducted a t  Mach numbers from 0.70 t o  3.30 a t  a Reynolds 
number of 2.5 million based on the  model length and a t  angles of attack 
from -6O t o  +lbO. Measurements were made of the damping-in-pitch, -yaw, 
and - r o l l  derivatives,  the cross derivatives, and the  s t a t i c  longitudinal 
and direct ional  derivatives.  

I n  general, the damping derivatives tend t o  approach re la t ive ly  
constant values with increasing supersonic Mach number. However, i n  the 
transonic range the damping i s  changing rapidly and, i n  some cases, is  
unstable. The damping and cross derivatives a re  re la t ive ly  invariant with 
angle ~f a t tack except i n  the transonic speed range. 

INTRODUCTION 

The rapid increase i n  density eqerienced by vehicles entering the 
ear th ' s  atmosphere on a b a l l i s t i c  t ra jectory tends t o  damp any buildup 
of osci l la tory motion. However, dynamic ins t ab i l i t y  i s  a potent ial  source 
of trouble fo r  a manned vehicle i n  which the p i lo t  i s  attempting a t t i tude  
control. The p i l o t  must, of necessity, f l y  a narrow corridor on re-entry 
due t o  deceleration and heating considerations. To assess the controlla- 
b i l i t y  of such a vehicle a knowledge of the s t a b i l i t y  and damping deriva- 
t i v e s  i s  essent ia l .  

The purpose of t h i s  report i s  t o  present one phase of an over-all 
program t o  assess the character is t ics  of a vehicle proposed fo r  manned 
re-entry i n  reference 1. Other phases of t h i s  study are  reported i n  
references 2 through 5 .  The s t a b i l i t y  data obtained from wind-tunnel 
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forced osc i l la t ion  t e s t s  i n  the present investigation coveroa Mach 
number range from 0.70 t o  3.50 and angles of a t tack from -6 t o  +lhO.  
The derivatives obtained are  referred t o  a body system of axes and 
include the following t s t a t i c  longitudinal s t a b i l i t y  (cma) , damping 
i n  pi tch (% + c ~ ) ,  damping i n  r o l l  (C2 + C26 s i n  a), yawing moment 

P 
due t o  ro l l ing  (cn + Crib s i n  a), direct ional  s t a b i l i t y  ( C  ) , damping P "P 
i n  yaw (Cnr - cos a ) ,  and ro l l ing  moment due t o  yawing 

(cZr - C 2 .  cos P 

Moments and deflections a re  referred t o  a body system of axes 
(f i .  1 )  . The various s t a b i l i t y  derivatives a r e  def i m d  as follows : 

2% 
d ( b 2 / ~ )  

, per radian 

a cm , per radian 
~ ( s z / v )  

acn , per radian 
a ( ib lv)  

a cn , per radian 
a(rb/v) 

u , per radian 
a(pb/v) 

C 
ac2 

2~ 
, per radian 

a(pb/v) 
ac, 

- L 

cli , per radian 
a(fib/v) 

ac2 
Czr , per radian 

a(rb/v) 



Additional symbols are as follows: 

pitching moment 
cm pitching-moment coefficient, 

(112) PFS~ 
yawing moment 

Cn yawing-moment coefficient, 
- (112) pV2.a 

rolling-moment coefficient, rolling moment 
(lie) pv2& 

b maximum base diameter, 1 .? ft 

f frequency of oscillation, cps 

k 2SfZ reduced frequency parameter, - v 
2 model length, 1 ft 

Tree-stream Mach number 

P rolling velocity 

¶. pitching velocity 

r yawing velocity 

R Reynolds number based on I 

S model base area, ft2 

V free-stream velocity 

a angle of attack 

P angle of sideslip 

6u upper flap angle measured from a line perpendicular to base 

lower flap angle measured from a line perpendicular to base, 
positive direction outward 

P density 



MODEL 

The model used i n  the  present invest igat ion i s  shown i n  f igures  2 
and 3 .  The configuration i s  e s sen t i a l l y  t he  same a s  t h a t  described i n  
reference 1. Basically it i s  formed from a cone having a half  angle of 
30°, cut  by a plane inclined 6.6' with respect  t o  the  ax i s  of t he  cone. 
The base d-iameter i s  1.5 times the  length,  and t he  nose i s  blunted by a 
radius of 0 .3  times the  length .  The juncture between t he  nose hemisphere 
and the  conical  surface i s  f a i r e d  t o  give a continuous curvature of t he  
p r o f i l e .  The edges formed by the  cone-plane juncture a r e  rounded with a 
radius of 0.14 times the  length .  Simple flap-type controls a r e  mounted A 
t o  the  base with a small gap between t h e i r  leading edges and the  body 5 
base. The gap was provided t o  reduce boundary-layer shock-wave interac-  2 
t i o n .  For a l l  the  data presented herein ,  t he  moment center corresponds 6 
t o  the  center-of-gravity loca t ion  shown i n  f igure  2. 

APPARATUS 

Tests were conducted i n  the  11- by 11-foot (M = 0.7 t o  1 .4 ) ,  the  
9- by 7-f00t (M = 1.5 t o  2.2), and t he  8- by 7-foot (M = 2.5 t o  3.5) 
t e s t  sect ions  of the  Ames Unitary Plan Wind Tunnel. These t e s t  sect ions  
provide continuous Mach number var ia t ion  from 0.7 t o  3.5 with stagnation 
pressure control .  A more de ta i l ed  descr ipt ion of the  wind tunnel may be 
found i n  reference 6. 

The damping and s t a b i l i t y  der ivat ives  were measured with e i t he r  a 
p i t ch  or  yaw balance, depending on the  model or ienta t ion,  and a r o l l  
balance. Basically,  the  balances supported the  model on a s e t  of crossed 
f lexures ,  or springs,  allowing the  model t o  o sc i l l a t e  i n  a s ingle  degree 
of freedom about a f ixed ax i s .  The o sc i l l a t i on  amplitude was maintained 
constant a t  t he  natural  frequency of t he  system through a feedback loop. 
The frequency varied from 4 t o  8 cycles per  second, depending on t he  
aerodynamic moment. A more de ta i l ed  descr ipt ion of t h i s  apparatus and 
the  technique used t o  measure the  ro t a ry  derivatives i s  given i n  
reference 7. 

TESTS 

The damping derivatives were measured a t  Mach numbers from 0.70 t o  
3 $50 a t  a Reynolds number of 2.5 mil l ion based on model length  and a t  
angles of a t t ack  from -6' t o  1-14'. The amplitude of o sc i l l a t i on  was 
maintained constant a t  k l O ,  Tiso data  points were taken a t  each Lest 
condition, and each d.ata point  i s  t h e  average of three  readouts.  The 



accuracy of t he  data  a t  supersonic lkch  n u d e r s  i s  reflected. i n  t h e  
s c a t t e r  between data  points .  A t  Mach numbers up t o  about 1.4, t he  model 
buffe ted i n  p i t ch ,  and data  obta,ined under these  conditions may be subject  
t o  g r ea t e r  e r ro r .  

The model was t e s t ed  with and without control  surfaces.  Lower control  
surface def lec t ions  of oO, 1 5 O ,  and 30' were used when necessary t o  keep 
t he  p i t ch ing  moment wi thin  allowable balance limits. 

Corrections t o  the  measured values of t he  damping coef f i c ien t s  due 
t o  i n t e r n a l  damping of the  o sc i l l a t i on  apparatus were determined from 
wind-off measurements of the  damping, with the  tunnel  evacuated t o  about 
3 pounds per  square inch absolute.  These measurements were made p r i o r  
t o  each t e s t  t o  determine t he  correct ions  t o  be applied.  

RESULTS AND DISCUSSIOM 

The s t a b i l i t y  data obtained on the  model of t h i s  invest igat ion a r e  
given i n  t a b l e s  I, X I ,  and 111. The pi tching der ivat ives  a re  given i n  
t a b l e  I ( c ~  and C + c%), the  yawing der ivat ives  i n  t ab l e  11 

mq - 
(cnpJ Cnr - C,; cos a and Cz - Cl; cos a ) ,  and t he  r o l l i n g  der ivat ives  r 
i n  t ab l e  I11 ( c ~  + C z j  s i n  a and Cn + C n i  s i n  a) . I n  addit ion,  t he  

P P 
reduced frequency parameter, k, i s  tabula ted.  

The var ia t ions ,  with Mach number a t  zero angle of a t t ack ,  of the  
damping der iva t ives  about the  th ree  model axes and the  var ia t ion  of r o l l  
due t o  yawing and yaw due t o  r o l l i n g  a r e  shown i n  f igures  4 and 5 ,  respec- 
t i v e l y .  I n  t h e  transonic range the  der ivat ives  change rapidly,  pa r t i cu-  
l a r l y  t he  damping i n  yaw which i s  a l s o  highly unstable both with and 
without con t ro l  surfaces.  However, i n  general ,  these  der ivat ives  tend t o  
approach r e l a t i v e l y  constant values with increasing Mach number and f o r  
t h i s  reason it might be an t i c ipa ted  t h a t  the  values a t  high Mach numbers 
wodd  not d i f f e r  l a rge ly  from those measured a t  Mach numbers from 2 t o  3.5.  

Shown i n  f igures  6 t o  1 0  a r e  some of the  measured var ia t ions  with 
angle of a t t a c k  of these der ivat ives .  The data  shown i n  these f igures  
a r e  t y p i c a l  and, i n  general ,  the  damping and cross  der ivat ives  a re  seen 
t o  be r e l a t i v e l y  invar ian t  with changing angle of a t t a ck  except i n  the  
transonic range. Schlieren motion p ic tu res ,  taken during o sc i l l a t o ry  
motion, ind ica ted  the  model was subject  t o  buffe t ing i n  p i t ch  which could 
be a t t r i b u t e d  t o  separated flow and a rapidly  changing shock f i e l d  over 
t he  top  surface  of the  vehicle.  This was observed a t  t ransonic Mach 
numbers where t he  damping i n  p i t ch  was e r r a t i c  with changes i n  angle of 
a t t a ck .  



To investigate more fu l ly  the unstable dampingrin-yaw characteristics 
observed a t  transonic speeds, traverses i n  sideslip were made a t  angles 
where the damping was the most unstable. The results  are presented i n  
figure U. It i s  observed that the damping i s  i n i t i a l l y  unstable a t  
j3 = 0, but as j3 i s  increased either i n  the positive or negative direction 
the damping becomes stable. The resultant unstable bucket i n  the damping 
curve i s  typical of that  found with other blunt bodies where the flow 
separated symmetrically from the nose (ref.  8). This was also observed 
from schlieren motion pictures of these t es t s  a t  transonic speeds which 
show a very unstable flow f i e ld  about the model due t o  separation from 
the blunt nose. Where t h i s  type of dynamic ins tabi l i ty  has been observed 
on other vehicles, l imi t~cyc le~osc i l l a to ry  motion has developed i n  free 
f l igh t  ( ref .  9). 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field, Calif., June 2 l ,  1961 
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TABLE I.- PITCEING DE7IVATIVES - Continued 

(a.) With flap control - Continued 

Olrl 
01.1 
0307 
03r7 
06.3 
0603 
08.9 
08.9 
11.5 
11.5 
14.0 
14.0 

-0601 r0376 -so019 -00852 
-06.1 00376 -.0021 -0.918 
-0384 ~0373 -00017 -1.057 
-03.4 a0374 -.0017 -1.317 
-00.7 a0397 -.0049 -0,509 
-00.7 00394 -00044 -01697 
Ole7 e0400 -a0053 -0.661 
0107 e0404 -a0060 -0.646 

p-- " 

Model subject to buffeting 

a, deg k cmcl c m q c q  

M = 1.38 

SL = 15" Su = 0" 

-04.5 r0355 -roo46 00106 
-04.5 00355 -roo46 -0.564 
-0109 a0353 -so042 -0.514 
-01.9 00355 -00046 -0.432 
0015 40355 -*0046 -0.714 
00.5 e0355 -.0046 -0.696 
03.0 e0345 -.0030 -10985 
03.0 e0345 -00030 -1.623 
05.6 a0348 -roo34 -0.453 
0506 e0348 -.0034 -0.434 
08rl a0370 -.0067 -0.654 
08.1 no383 -.0088 -00637 
10.4 00355 -roo46 -1.114 
1004 00361 -00054 -1.310 

SL = 30" b" = O" 

-06.2 e0348 -00035 -0.730 
-06.2 $0346 -00033 -01745 
-07.6 00358 -a0051 -00535 
-0306 e0356 -roo49 -0.595 
-0102 00370 -.0068 -00706 
-0162 00369 -00066 -6.663 

M = 1.55 



TBLE I.- PITCHING DERIVATIVES - Continued 

(a) With f lap  control - Concluded 



TABLE I.- PITCHING DERIVATIVES - Continued 
(b) Flap controls removed 

l~odel subject to buffeting 



TABLE 1.- PITCHING DERIVATIVES - Concluded 

(b) Flap controls removed - Concluded 



TABLE 11. - YAV7ING DERIVATIVES 

(a) With flap con t ro l  



TABLE 11.- YAWING DERIVATIVES - Continued 
(a) With flap control - Continued 

Cnr C zr 
a, deg k 

Cnp Gn.Cot3a -C 2 .Coaa 

M = 1.10 

6~ = 15" 6" = 0" 

-06.0 
-06.0 
-03.0 
-03.0 
-00.0 
-00.0 

03.0 
03.0 
05.9 
06.0 
07.9 
07.9 

as deg 

M = 1.55 

= 0" 6" = 0" 

M = 1.20 

6~ = 15" tju = 0" 
- 

e0371 
e0368 
e0373 
e0376 
-0390 
e0385 
e0411 
e0407 
e0381 
e0386 
e0401 
e0396 

-06.0 
-06.0 
-03.0 
-03.0 
-00.0 
-00.0 

03.0 
03.0 
06.0 
06.0 
09.0 
09.0 
12.0 
12.0 
14.6 
14.6 

-06.0 
-06.0 
-03.0 
-03.0 
-00,o 
-OoeO 

02r9 
02*9 
O6.O 
06r0 

-0.170 
-0.200 
-0.230 
-0.230 
-0.190 
-0.200 
-0.100 
-0.090 
-0.230 
-0.200 
-0.210 
-0.210 
-0.120 
-0.180 
-0.170 
-0.210 

M = 1.80 

6~ = 0° 6" = 0" 

-0.199 
-0.145 
-0.180 
-0.141 
-0.153 
-0.372 
-0.362 
-0.290 
-0.427 
-0.402 
-0.353 
-0.373 

0.089 
-0.004 

0.020 
-0.035 

e0299 
e0299 
a0297 
e0297 
e0298 
a0298 
a0301 
a0301 
,0299 
e0299 
e0301 
a0301 
e0306 
e0308 
e0306 
a0308 

a0349 
e0341 
a0350 
e0352 
.037ij 
*0378 
*0360 
*0362 
*0373 
*0366 

- 

0.038 
0.067 

-0.028 
-0.019 

0.119 
0.037 
0.049 
0.043 

-0.668 
-0.955 
-06466 
-0.422 

a0021 
a0017 
r0022 
a0025 
e0039 
e0035 
e0060 
a0057 
e0031 
e0036 
a0051 
e0046 

e0031 
e0031 
r0029 
e0029 
e0031 
e0032 
-0035 
e0035 
e0033 
e0033 
e0035 
e0035 
e0041 
e0043 
e0041 
e0043 

M = 1.38 

6~ = 15" tju = 0" 

-- 
0.653 
0.786 
0.146 
0.161 
0.146 
0.271 
1.438 
1.453 

-0.776 
-0.788 
-1.215 
-1.185 

e0022 
e0015 
r0024 
e0026 
.0050 
e0053 
moo34 
e0036 
*0047 
*0040 

-0.160 
-0.170 
-0.170 
-0.160 
-0.200 
-0.160 
-0.180 
-0.190 
-0.240 
-0.250 
-0.220 
-0.230 
-0.180 
-0.220 
-0.260 
-0.280 

a0036 
e0036 
.0036 
.0036 
.0036 
.0036 
.0038 
e0038 
e0036 
e0037 
a0046 
e0049 
e0043 
e0049 
e0048 
e0051 

-06.0 
-06.0 
-03.0 
-03.0 
-00.0 
-00.0 

03.0 
03.0 
06.0 
06.0 
09.0 
09.0 
12.0 
12.0 
14.6 
14.6 

-06.0 
-06.0 
-03.0 
-03r0 
-00.0 
-00.0 

02r9 
03.0 
03.9 

- 

-0.288 
-0.294 
-0.220 
-Or229 
-0.186 
-6.284 
-0.396 
-0.255 
-0.333 
-0.394 
-01454 
-0.354 
-0.061 
-0.195 
-01074 
-0.127 

e0273 
e0273 
.0274 
.0274 
.0274 
.0274 
.0275 
a0275 
a0274 
e0274 
a0281 
10283 
e0279 
a0283 
e0283 
e0285 

M = 2.20 

= 0" 6" = 0" 

0.536 
0.620 
0.271 
0.316 
l e 1 1 5  
1*129 

-O*247 
-0*347 
-1.314 
-1.293 

e0309 
e0312 
e0318 
a0317 
e0323 
e0322 
a0333 
a0333 
a0333 

-0.506 
-0.763 
-0.042 
-0.107 

0e053  
0.075 

-0.148 
-O*320 
-01446 
-0.967 

-0.123 
-0.152 
-0.186 
-0.174 
-0.254 
-0.198 
-0.338 
-0.350 
-0.290 
-0.288 
-0.251 
-0.166 
-0.288 
-0.141 
-0.153 
-0.227 

e0016 
e0019 
e0026 
a0025 
a0032 
e0031 
e0044 
e0044 
e0042 

-0.120 
-0.110 
-0.100 
-0.110 
-0.100 
-0.120 
-0.110 
-Om110 
-0.120 
-0.120 
-0.110 
-01120 
-0.110 
-0.130 
-0.140 
-0.130 

e0041 
a0041 
e0042 
a0042 
e0043 
e0044 
e0044 
e0044 
e0043 
a0043 
e0042 
a0042 
a0042 
e0043 
~ 0 0 4 4  
e0046 

-06.0 
-06.0 
-03.0 
-03.0 
-00.0 
-00*0 

03.0 
03r0 
06.0 
06.0 
09.0 
09.0 
11.9 
12.0 
14.6 
14.6 

-0.458 
-0.420 
-0.283 
-0.275 
-0.282 
-0.345 
-0.991 
-0.858 
-1.318 

e0247 
e0247 
a0248 
e0248 
a0249 
e0249 
e0249 
e0249 
e0248 
e0248 
e0248 
e0248 
a0248 
a0248 
a0249 
a0251 

-0.017 
-0.236 
-0.284 
-0.301 
-0.289 
-0.329 
-0.137 
-0.295 
-0.330 



TABLE 11.- YAWING DE~IVATIVES - Continued 
(a) With flap control - Concluded 
cnr c zr cnr c zr 

a, deg k 
n -C~.CO~U -C 2 cosa 

aeg -Cn.Cosa cz .Coca 

M = 2.50 

% = O 0  % = 0 °  

r 
-05.7 e0232 -0039 0.106 0.085 
-05.7 a0234 e0045 0.022 0.035 
-02.7 .0228 -0033 0.190 0.171 
-02.7 e0230 a0037 0.087 0.089 

00.2 .0230 e0036 0.106 0.172 
00.2 e0231 .0039 0.017 0.111 
03.2 .0232 boo41 0.060 0.005 
03.2 e0235 e0047 -0.180 -0.051 
06.2 e0232 a0042 6.029 -0.282 
06.2 m0237 .0051 -0.204 -0.336 
12.2 a0230 boo38 -0.041 -0.832 

M = 3.00 

8L = oO QJ = o0 

-05.7 a0208 e0044 -0.065 0.065 
-05.7 .0208 e0044 -0.063 0.041 
-02.7 .0209 e0044 -0.106 -0.019 
-02.7 ,0209 e0044 -0.106 0.034 

00.2 e0208 a0044 -0.122 -0.022 
00.2 e0208 a0043 -0.123 -0.027 
03.2 e0209 e0045 -0.108 -0.084 
03.2 a0209 e0045 -0.114 -0.043 
06.2 .0209 boo46 -0.118 -0.255 
06.2 a0209 e0046 -0.127 -0.235 
09.2 e0209 a0046 -0.113 -0.198 
09.2 .0209 .0045 -0.106 -0.049 
12.2 a0209 a0045 -0.187 -0.747 
12.2 a0209 a0045 -0.119 -0.162 
14.8 e0209 e0045 -0.082 -0.049 
14.8 60209 -0045 -0.090 -0.098 

M = 3.50 

= o0 &g = oO 

-05.7 e0197 e0044 -0.124 0.071 
-05.7 e0197 a0044 -0.118 0.280 
-02.7 e0197 a0045 -0.106 -0.044 
-02.7 a0197 e0044 -0.110 0.023 

00.2 a0197 e0045 -0.128 0.153 
00.2 e0196 moo44 -0.132 0.138 
03.2 a0196 -0045 -0.124 0.136 
03.2 e0196 .0045 -0.118 0.099 
06.2 a0196 boo45 -0.136 -0.147 
06.2 .0196 e0045 -0.123 0.023 
09.2 a0196 .0046 -0.099 0.104 
09.2 e0196 e0046 -0.096 0.160 
12.2 e0196 a0045 -0.098 0.078 
12.2 00196 e0045 -0.104 0.116 
14.8 m0196 e0045 -0.096 -0.072 
14.8 a0196 e0045 -0.104 -0.043 



TABLE 11. - YAWING DERIVATIVES - Continued 

(b) Flap controls removed 

Cnr C ~r 
a, deg k 

cnp +.cosa -C z .cosa 
cnr C Zr 

a, deg k 
'np -Cn.Cosa 4 1 .Cosa 

t 



TABLE 11.- YAWING DERIVATIVES - Continued 
(b) Flap controls removed - Continued 



TABLE 11.- YAWING DERIVATIVES - Continued 

(b) Flap controls removed - Concluded 

a, deg k 

M = 2.50 

Cnr 
4n.Cosa 

-05.7 
-05.7 
-02.7 
-02.7 

00.2 
00.2 
03.2 
03.2 
06.2 
06.2 
09.2 
09.2 
12.2 
12.2 
14.8 
14.8 

C zr 
-C z.cosa 

-0.180 
-0.183 
-0.244 
-0.239 
-0.232 
-0.226 
-0.278 
-0.245 
-0.233 
-0.212 
-0.193 
-0.170 
-0.261 
-0.227 
-0.232 
-0.237 

-0.138 
-0.126 
-0.508 
-0.488 
-0.251 
-0.293 
-0.521 
-0.292 
-0.607 
-0.457 
-0.325 
-0.248 
-0.879 
-0.700 
-0.450 
-0.507 

e0245 
.0245 
a0244 
e0245 
.0245 
e0245 
e0245 
e0245 
e0246 
60246 
e0247 
e0246 
e0246 
-0246 
-0245 
e0245 

M = 3.00 

deg 

e0039 
a0039 
e0038 
a0038 
*0039 
e0039 
-0040 
boo40 
.0041 
e0041 
.DO42 
a0042 
e0041 
moo41 
e0039 
e0039 

-05.7 
-05.7 
-02.7 
-02.7 

00.2 
00.2 
0 3 0 2  
03.2 
06.2 
06.2 
09.2 
09.2 
12.2 
12.2 
14.8 
1 4 0 8  

C9 

e0226 
e0226 
e0225 
e0225 
e0225 
e0225 
e0226 
e0226 
e0226 
.0226 
e0226 
a0226 
e0226 
e0226 
00226 
a0226 

M = 3.50 

cnr 
-Cn.Coea 

e0041 
boo41 
a0040 
boo39 
00040 
e0040 
e0042 
boo41 
boo42 
e0042 
-0043 
e0042 
-0042 
e0042 
a0041 
*0041  

C zr 
4 1.Cosa 

-0.107 
-0.138 
-0.118 
-0.245 
-0.224 
-0.255 
-0.162 
-0.224 
-0.553 
-0.344 
-0.079 
-0.053 
-0.563 
-0.202 
-0.305 
-0.324 

-05.7 
-05.7 
-02.8 
-02.8 

00.2 
0012 
03.2 
03.2 
06.2 
06.2 
09.2 
09.2 
12.2 
12.2 
14.8 
14.8 

-0.218 
-0.204 
-0.265 
-0.270 
-0.245 
-0.248 
-0.219 
-0.221 
-0.226 
-0.283 
-6.192 
-0.181 
-0.282 
-0.230 
-0.217 
-0.209 

-0.169 
-0.159 
-0.479 
-0.460 
-0.271 
-0.300 
-0.242 
-0.216 
-0.509 
-0.461 
-0.197 
-0.206 
-0.943 
-0.645 
-0.506 
-0.459 

-0.241 
-0.227 
-0.242 
-0.243 
-0.261 
-0.246 
-0.222 
-0.232 
-0.257 
-0.229 
-0.188 
-0.197 
-0.243 
-0.210 
-0.215 
-0.219 

a0213 
e0213 
e0213 
.0212 
a0213 
e0213 
e0213 
e0213 
e0213 
60213 
e0213 
a0213 
e0212 
e0212 
e0212 
e0212 

e0042 
boo42 
e0041 
moo41 
e0041 
e0041 
boo42 
a0042 
e0043 
a0043 
m0042 
e0042 
e0042 
a0042 
a0041 
a0041 



TABLE I1 .- YAWING DERIVATIVES - Concluded 
(c) B traverses 



-.- 

(a) With flap control 



TABLE I11 .- ROLLING DERIVATIVES - Continued 
(a) With flap control - Concluded 



I r o n t i n u e a  TABLE 111. - ROILING D m V A T  

(b) Flap controls removed 



TABLE 111. - ROLJLNG DWIVATIVES - Concluded 

(b) Flap controls removed - Concluded 





z 

I 
Flap angles are  measured 
from base perpendicular 
posit ive direction outward 

X -axis para l l e l  
t o  top surface 

_ 10 Side view 

Top view 

Front view 

Figure 1.- The body system of axes. Arrows indicate  pos i t ive  d i rec t ion  
of moments and angles. 



2 = one foot 

Figure 2.- Study configuration. 



A-24731 
Figwe 3. - Typical wind-tunnel instal lat ion i n  the 8~ by 7-f oot t e s t  section. 



M, 

Figure 4.- Variation with Mach nmiber of the damping derivatives, cc = 0'. 



A 1 5 O  0° 
A Controls off 

& 
-. 

Figure 5.- Variation with Mach number of the cross derivatives, a = oO. 



4 

0 

4 
Note: Model subject t o  buffeting 

a, deg a, deg 

Figure 6.- Variation with angle of a t t a ck  of t he  damping-in-pitch coef f i c ien t .  



a, aeg a, deg 

Figure 7.- Variation with angle of attack of the damping-in-yaw coefficient. 



Figure 8.- Variation with angle of a t tack of the damping-in-roll coefficient.  



a, deg 

Figure 9.- Variation with angle of a t t ack  of the  r o l  

a, 

. l ing moment due t o  yawing coef f ic ien t .  



Figure 10.- Variation with angle of attack of the yawing moment due t o  ro l l ing  coefficient.  



Figure 11.- Variation with angle of attack and sideslip of the damping-in-yaw coefficient; 
sL = 15O, % = oO. 






